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Introduction

e Prediction quality affects station performance: if satellites can only be acquired late or at all
e First time bias service in 11/17, allows to evaluate prediction quality

e Estimation of time bias values from recorded passes and prediction to current point in time,
for various satellites, providers and predictions, this can be used
- During acquisition (choose the best available prediction and get a real time a priori time bias value)
- For analysis by comparison (for predictions from different providers for the same targets)
- For monitoring of quality over time (modeling issues, unmodeled maneuvers, outages, etc.)
e Benefitis
- Support for quicker or acquisition at all, thus more data or quicker target switching
- Notification of providers AND stations upon issues (modeling, maneuvers or outages)
- Support for effective as well as autonomous operation and avoiding unnecessary acquisition attempts
- Support of mission initial phases
JOG paper in Special Issue on SLR accepted and online
- Bauer, S. & Steinborn, J. J Geod (2019). https://doi.org/10.1007/s00190-019-01304-3
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e First time bias service interface via website
e Targets: LEOs, Geodetic, Space Debris and GNSS
e Predictions: for different targets, providers & over time
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Latest implementation: Web

e List of

Predicted time bias value at current point in time

Residuals of passes w.r.t. used fit
Number of passes used for prediction

e Modeling upgrades improved accuracy

Correction for atmospheric delay

Effect of solid tides on station position

Fit order adjusted to number of data points
Eccentricity vector if existent with a station

Watch List LEO Targets Geodetic Targets Debris Targets GNSS Targets

CPF time bias prediction
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Predictions for: 2019-10-11 09:59:13 UTC
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Snapshot of the time bias service website http://slr.gfz-potsdam.de:5000/tb/v1.
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Latest implementation: Web

e First time bias service interface via website PR —
e Targets: LEOs, Geodetic, Space Debris and GNSS -
e Predictions: for different targets, providers & over time ]

e Listof
- Predicted time bias value at current point in time
- Residuals of passes w.r.t. used fit
- Number of passes used for prediction
e Modeling upgrades improved accuracy
- Correction for atmospheric delay
- Effect of solid tides on station position
- Fit order adjusted to number of data points
—  Eccentricity vector if existent with a station Graphical representation of time bias values (blue:

Improved graphical representation recorded passes, orange: predicted) as well as the applied
fit (red) from the time bias service website.
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Latest implementation: JSON

e Request for target & prediction: http://slr.gfz-potsdam.de/tb/v1/cpf/<target>/<provider+seqg>
e Returns data in JSON format
- Time bias values of recorded passes
- Predicted time bias value
- Applied fit
- Link to graphical representation
e Allows for convenient integration
into software

e Instead of crawling the website

e Example: SCOPE software
integration e —
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Tiva Blas for technasat (KAST241]

Example for JSON API implementation in SCOPE
software. The data retrieved via the JSON API is
displayed in the box highlighted in red. e

e 1
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Analysis by comparison

e Lageos 1 predictions
- Good quality for all providers over first day (so totally fine!), afterwards trends visible
- Gives an idea about the applied modeling — here trends and oscillations
- In case of outage you know what you can expect from an older or a backup prediction

Time Bias for lageos1 (JAX7811) Time Bias for lageos1 (SGF7811) Time Bias for lageos1 (HTS7801)
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Lageos time bias values for passes recorded with predictions from different providers.
Note the different ranges on the Y-Axis.
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Monitoring over time

e Icesat2 predictions,
- Quality analysis from monitoring over
time
- Large negative offsets and trends
- Modeling issues?
- No change for a long time

e But lately, improvement visible

e However, time bias service helps to
track Icesat2 quite routinely

Icesat2 time bias values for passes recorded
with predictions from different providers. Note
the continuously existing negative trends and

general offset towards negative values.
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Time bias value prediction

e Jcesat2

- Relative prediction error is approx. 10% on average over full Icesat2 mission (up to now)

- Predicted time bias values supports routine tracking even with large values

ICESAT-2 - Observed Timeblas

ICESAT-2 - TB Prediction Error (O-C)
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Communication with providers & missions

e Technosat 600
. aas
- improvement of DLR predictions dir
upon notification 400 +
e Analysis by comparison of 500
predictions from different providers o
e Monitoring over time = 0 - Sy Py LRSI SR - T S PP Jr S
. . . . [an] .
e Communication with provider =
- Notifcation end of 12/17 —2001
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ommunication with providers & missions

Eii‘tﬂfeﬂs %fguadi:gi;(fgucrﬁschungsmst\tut m
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- Prediction outage without further notice -
or commun |Ca t | on = Indian Space Research Organization (ISRO) (ISR)

i s::::‘: Contact(s)
- No more SLR data required? Outage? e et sonn

PrediclioniProvider The latest 250 datasets of predictions (CPF) from ISR are listed.

e (Case for other missions too

. Mailing Lists 2019-08-20 11:52.45  IRNSS-1A, 1303401 1SR 2019-06-24 235042 2018-07-01 234442 6751 Vaid  More
- COI I Ipa Ss SOI I let“ I Ies Tools 2019-08-20 11:47:42  IRNSS-1D, 1501801 1R 2019-07-17 235542 2019-07-24 23:44:42 6982 Vaid re
re

EDC-API (Beta) -

e But also more good examples e I T

2019-08-20 11:47:26  IRNSS-1E, 1600301 ISR 2019.07-0523:80:42  2019-07-12 23:44:42 €881 Vaid  More

Mo
2019-08-20 11:47:35  IRNSS-1B, 1401701 1SR 2019.07-1823:59:42  2019-07-25 23:44:42 6992 Vaid Mo
[

- - - - 2019-08-20 11:47:21 IRNSS-1D, 1501801 SR 2019-07-10 23:59:42 2019-07-17 23:44:42 €912 Vaid  More
- Jason 2, notification upon all kinds of ST
H 2019-08-20 11:47:10 IRNSS-1C, 1406101 SR 2019-07-17 23:59:42 2019-07-24 23:44:42 6982 Vaid  More
I SS u es 2019-07-21 00:17:50  IRNSS-1l, 1803501 SR 2019-07-20 23:59:42 2019-07-27 23:44:42 7012 Valid More.

2019-07-0200:19:30  IRNSS-1G, 1602701 1SR 2019-07-012359:42  2018-07-08 23:44:42 6821 Vaid  More

- Sentinel, notification upon maneuvers STt CEimn esnmme  weeazas s s e

2015-06-16 00:1928  RNSS-11,1 s8R 2019-06-152358:42  2019-06-22 234442 6881 Vaid More
an d Ot h ers 2019-06-1500:18:27  RNSS), 1 R 20190614 235842 2019-06-21 234442 6852 Vaid  More

2018.06-14 00:1702  IRNSS-11, 13035 sR 2019.06-1323:58:42  2019-06-20 234442 6842 Vaid  wore

2019-06-14 00:16:57  RNSSIE, 1600301 s8R 2019.06-1323:58:42  2019-06-20 234442 6542 Vaid  More

2019-06-14 00116552 RNSS1G, 1602701 R 201906-132359:42  2019-06-20 23:44:42 €842 Vaid  More

20190614 00:16:47  RNSS-1D, 1501801 5R 201906-132359:42  2019-06-20 23:44:42 €842 Vel MNore

Sna pshot Of the Iast ava i |a ble I RN SS pred iCtionS 2019-06-14 00:16:42  RNSS-1C, 1406101 R 2019-06-132250:92  2018-06-20 234442 6642 Vaid  More
20190614 00:16:37  IRNSS-1B, 1401701 i8R 20190613 235942 2019-06-20 23:44:42 €542 Vald  More

On the EDC We bsite (requested On OCt 7th 20 19) . 2019-06-13 00:17:07  RNSS-14, 1303401 ISR 2019-06-1223:56:42  2019-06-19 23:44:42 6631 Vaid  More
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What could stations want?

... With respect to predictions or ,if you want your satellites actually to be tracked ..."

e Coverage and quality

- Continuous and good predictions - good = sufficient for tracking, rather easy acquisition
e Communication

- Modeling improvement upon notification if tracking is not feasible

- Notifications for providers, stations and missions if something is wrong (modeling issues, maneuvers,
outages or SLR data is not required for the mission anymore, etc.)

e Why or what would be the results?

- Only try to acquire targets or missions that need SLR data

- Save time on useless attempts (bad predictions and no information)

- More effective operation, relevant with more targets and autonomous operation
e Continuing time bias service

- Supporting the prediction quality evaluation, providing a basis for discussion and support during
satellite tracking and for missions
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